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(57) Abstract: The present invention refers to a compound lepiesented by the genera] f(v^ 
nnila.(I): and pfaannaceuticaUy acceptable salts theteo£ The oomponnds can be nsed for 
the preparation of a medicament fas the propfaylaxis or treatment of a condition mediated 
by modulation of the dipeptidyl p^dase IV activf ty, wherein tfie condition preferably is 
selected fiom impaired glooose tolerance, diabetes mellitas, glncosoiia and metabolic acidosis. 
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Peptide Structures Useful for Competitive Modulation of Dipeptldyl Peptidase IV 

Catalysis 

BACKGROUND OF THE INVENTION 

f/^of<ifr?/ffyWyff9ff 

The present invention relates to the function of dipeptidyl peptidase IV (DP IV, 
synonym: DPP IV, CD26, EC 3.4.14.5) and DP IV-4ike enzymes within a suisject and 
their Islological effects on the plasma levels of the Insulinotropic peptides gastric 
inhibitory polypeptide 1-42 (GiPi^ and glucagon-lilQB peptide amides-l (GLP-lr^) 
and (GLP-It^) or analc^ues thereof. The invention relates further to the treatment of 
impaired glucose tolerance, ciabetes mellitis, glucosuria and metabolc addosis by 
selecb've moduiaiion of the acfivify of DP IV-lilcs enzymes due to the use of tri-, teba- 
and pentapeptide sufc^trates of dipeptidyl peptidase iV in phannacological doses to 
inhibitthe physiolo^cal turnover of endogenous peptide homiones. 

Background of the invCTtlon 

Dipeptidyl peptidase iV (DP IV) is a serine protease which deaves off N^enminal 
dipeptldes from a p^de chain containir^, preferably a proline residue in the 
penultimate position. 

DP IV-IIke enzymes are stnjcturally related enzymes to DP IV (Blanco et al., 1998) 
which may share a certain sequence homology to Qie DP IV sequence, but whidi 
share even if tliey are not stmcturally related (by convergent evolution) the substrate 
specificity of DP IV of removing dipeptldes from the N-4ennini of polypeptkies by 
deaving after a penultimate proline residue. Such enzymes - induding DP IV, DP II dt 
one hand and attractin on the other hand (Fukasawa et al., 2001) - are also capable 
to remove dipeptldes with a penultlmala alanine (or serine or glydne residues) fnm 
the N-temilni of polypeptkies but usually with reduced catalytic efficacy as compared 
to the post-prollne deavage (Yaron & Nalder, 1993). They show the common feature 
that they accommodate in the Pre-position of the target-protein also Ala, Ser, Thr and 
other amino adds with small hydrophobic sld»<:hains as, Gly or Vai. The hydrolytic 
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efficacy is ranked Pro>Ala» Ser, Thr » Gly, Val. While the proteins DPIV, DP II, FAPa 
(Seprase), DP 6, DP 8 and DP 9 are structurally related and show a high sequence 
homology, attractin is an extraordinary functional DPiV-like enzyme (Sedo & Malik, 
2001). 

Further DPIV-like enzymes are disclosed In WO 01/19866. WO 02/04610, WO 
02/34900 and WO02/31134. WO 01/19866 discloses human dipeptidyi 
aminopeptidase 8 (DPP8) with structural und Hmctionai similarities to DPIV and 
fitHotdast acHvab'on protdn (FAP), The dip^idyl peptidase WAi^ enzyme of WO 
02/04610 is well known in the at in the GENE BANK data base, this enzyme is 
n»gistered as KIAA1492 (regisfaratton in Febniary 2001, sutmitted on April 04, 2000, 
/VB040925) and in the MEROPS data t>asa WO 02/34900 discloses a dipeptidyi 
peptidase 9 (DPP9) witfi significant homology to the amino add sequences of DPIV 
-and DPP8. WO 02/31134 discloses three DPIV-like enzymes, DPRP1, DPRP2 and 
DPRP3. Sequence analysis revealed that DPRP1 is identical to DPP8, as disclosed In 
WO 01719866. that DPRP2 is identical to DPP9 and that DPRP3 is identical to 
4<IAA1492 as disclosed in WO 02/04610. 

More recently, it was shown that DP IV is responsible for cleaving glucagon-like 
peptide-1 and gastric inhibitory peptides, thereto shortening the half life of GLP-1 and 
QIP and their phystological response in the drculation. From inhibition of serum DP 
IV, a signifteant increase In the bioactMfy of (he increfins has been shown. SincS the 
incretins are m^r stimulators of pancrealHc insulin secretion and have direct 
beneficial effects on glucose disposal, DP IV inMbWon represents an attractive 
approach for treating impaired glucose toleranoe and non-lnsuUn-dependent cRedsetes 
mellitus (NIDDM) and related disorders, like glucosuria and metabolic adtelosis (see 
DE 196 16 486 and WO 97/40832). 

The substrate spedficify of the enz^e dipeptidyi peptidase IV, may be summarized 
in ttie following way: 

1. Dipeptidyi peptidase IV hydrolyzes oligopeptides and proteins from the N- 
temninus, splitting off dipeptide units, when the penultimate residue is proline, 
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hydroxyproiine, d^ydroproline, pipecolic add or alanine. The best substrates 
according to their koa^ values are those witi a proline residue in the P1- 
position. 

2. DP IV requires a tmns' peptide-bond between P1 and P2 residues. 

3. The hNermlnal amino group of substrates must be protonated In order to be 
suscepb'bietoDPIV. 

4. A proline residue in the PI'-position of substrates prevents substrate liiydrolysis 
by dlpeptldyl peptidase iV. TNs enz^e does not release arglnylproline tom 
bradykinin, for instance. 



Summary of ttie Invenflon 

The present invention is directed to compounds rq^res^ited by fbrmuia (1), 
with certain restrictions as detailed hereafter. 

These compounds are substrates of proline-specific peptidases, in particular of DP IV 
and other enzymes having similar DP IV-tike enzymatic activity profiles ("DP IV-like 
enzymes"), and may be useful either as substrates or as antagonists of DP iV and DP 
IV-Iilce enzymes to inhibit the physiological turnover of endogenous peptide hornioies 
by competitive catalysis. 

The compounds of formula (I) may be used lor treating impaired glucose tolerance, 
diabetes meiiltus, glucosuria, metabolic acidosis diagnosed in a subject, cancer and 
multiple adenosis. 
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Brief description of the drawings 

Figure 1 shows plasma DP IV activity after intrevasal administratiofi of 10, 30 and 
1 00 mg/kg b.w. Ile-Pro-Ile in Wistar rats; 

Rgure 2 shows plasma DP IV activity after administration of 10, 30 and 100 mg/l<g 
b.w. Ile-Pro-Ile and of 10 mg/lcg b.w. and isdeucyl thia»)lldine fumarate as positive 
control in Wistar rats (AUC 0-20 min); 

Figure 3 shows plasma DP IV activity after ir^vasal administration of 10, 30 and 
1 00 mg/kg b.w. Vai-Pro-Leu in Wistar rats; 

Figure 4 shows plasma DP IV activity after administration of 1 0, 30 and 1 00 mg/kg 
b.w. Val-Pro-Leu and of 10 mg/i<o b.w. isoleucyi thiazoiidine fumarate as positive 
controlin Wistar rats (AUC 0-20 min); 

Figure 5 shows plasma DP IV activity after oral and intravasal administration of 100 
mg/kg b.w. f-butyt-Gly-Pro-lle in Wistar rats; 

Rgure 6 shows plasma DP IV activity after oral and Intravasal adrnmistratton of 1 00 
mg/kg b.w. f-butyi-Gly-Pro-He, and of 10 mg/kg b.w. isoieuc^ thiazoiidine fumarate 
as positive control in Wistar rats(AUC 0-120 min); 

Figure 7 shows the course of plasma glucose concentration after oral administration 
of 100 mg/kg b.w. f-butyi-Giy-Pn>-lle, and of 10 mg/kg b.w. isoleucyl thiazoiidine 
fumarate as positive control in diabetic Zucker rats; and 

Figure 8 shows the improvement of glucose tolerance aid Q^UC during OGTT after 
oral administration of 100 mg/kg b.w. ^butyl-Qiy-P^o-lie, and of 10 mg/kg b.w. 
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isoleucyi thiazolidine fiimarate as positive control diabetic Zuclcer rats (G-AUC 0-60 
min). 

Detailed descrfpflon of the Invention 

More parHcuiarly, the present invention Is directed to peptides of the following fonnuia 

(I): - 

(I) 

wha'ein 

A, B, C, D and E are any amino adds including prot^nogenic amino adds, non- 
proteinog^'c amino ^ds, L-amino adds and D-amino adds and whoBin E and/or 
D may be absent or B and/or A may be absent with additional conditions as 
hereinafter detailed: 



Further conditions regarding (bmujla (I): 

A is any amino add residue except a D-amino add; 

B is an amino acid selected fi^m Pro, Ala, Ser, Gly, l-iyp, acetidlne-(2)-carto}^iic 
add and pipecoiic add, 

C is any amino add except Pro, i-lyp, acetidine-(2)-carbQxyiic add, pipecoiic add 
and except N-all<ylated amino adds, e.g. N-methyl valine and sarcosine,, 
D is any amino add or missing, and 
E is any amino add or missing 



or 
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C Is any amino add except Pro, Hyp, aceticlind-(2)-carbQxyiic acid, pipecollc acid, 
except N-alMatdd amino acids, e.g. N-methyl valine and sarcosins and except a 

D- 

amlnb add,, 

D is an amino add selected from Pro, Ala, Ser, Gly, Hyp, aoetidine-(2)-carboxylic 
add and pipeoolic add, and 

E Is any amino add except Pro, Hyp, aoetidine-(2)-cart>a)^lc add, pipeodlc add 
and except N-elkylatsd amino adds, e.g. N-metf^l vaihe and sarcosine.. 

The present invention espedally refers to compounds of formula (i) 

wherein 

A is any amino add except a D-amino add; 

B is an amino add selected from Pro, Ala, Ser, Gly, Hyp, acetldlne-(2)-carboxyilc 
acid and pipecollc add, 
■ ...^ C is any amino add except Pro, Hyp, acetidir«-(2)-carboxylic add, pipecdic add 
and except N-alMated amino adds, e.g. N-methyl valine and sarcosine,, 
D Is any amino add or missing, and 
E is any amino add or missing. 

The present invention moreover refers to compounds of formula (i) 

wherein 

A is any amino add except a D-amino add; 

B is an amino add selected finom Pro, Ala, Ser, Gly, Hyp, acetidine-(2)-carbQxylic 
acid and pipecoiic add, 

C is any amino add except Pro, Hyp, acetidlne-(2)-cart)Qxyiic add. pipecollc add, 
except N-alkylated amino adds, e.g. N-methyl valine and sarcosine and except a 

D- 

amino add. 
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D is an amino acid selected from Pro, Aia, Ser, Gly, Hyp, acetldine-(2)-carboxylic 
acid and pipecolic acid, and 

E is any amino acid except from Pro, Hyp, acetidine-(2)-carboxyiic add, pipecolic 
add and except N-ali^ated amino adds, e.g. N-metFiyl valine and sarcoslne. 



Prsfenpsd 

A is a L-amino add. 

Further prefeired 
C is a L-amino add; 



further preferred 
E is a missing; 

ftjrttier prefsnred 

D and E are missing; 

further preferred 

A is t-butyi-G(y, lie or Val; 

espedally preferred 
Alst-t)Utyl-Giy; 

furthv preferred 
B is Pro; 



further preferred 
D is Pro; 



flirth^ preferred 

Cist-butyi-Gly, lleorVal; 
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more preferred 

Ci8t-t)utyl-GlyorVal; 

especially preferred 
CIsit-butyt-Gly; 

especially preferred are 

M>utyl-Gly-Pro-lle; ^butyl-6ly-Pro-Val; Vai-Pro-f-butyl-Gly. lle-Pro4i)Lityl-Gly or f- 
butyt-Gly4*ro-f-bijfyi^ly and pharmaceutically acceptable salts thereof. 

The compound of the present invention can be in the free add peptide Ibrm or the C> 
terminal amide peptide fomn. 

The compounds of ttie present invention may t>e present as the firee Otermlna) add 
or as the C-termlhal amide form. The free add peptides or the amides may be varied 
by side chain modifications. Such side chain modifications are for instance, but not 
restricted to, homoserine addition, pyrogiutamic add addition, disulpi^de bond 
formation, deamidation of asparagine or glutamine residues, methylation, t-butylation, 
t-bufyi(»Q^carbonylation, 4-methyibenzylation, tNoanysilation, thiooesylation, 
ben2ylo}^methylaQon, 4-nitrophenyiation, benzyioxycarbonylation, 2- 
nilrobencoylation, 2Hiitrosuiphenylation, 4-toluenesuiplionyiation, 

pentafluorophmyiation, diphenylmethylatton, 2-chloroben^o;^carbonyiatioa 2,4,&- 
trichlorophoiylation, 243romobenzylQ}^carbonylation, 9- 

fiuaenylmethylO)(ycart)onylation, tiiphenylmethylation, 2,2,5,7,8,- 

pentam^ylchroman-6-8ulphonylation, hycbxjxylatjon, oxidation of mettiionine, 
fonmylation, acelylation, anisylation, benzylation, benzoyiation, trifiuoroacetylation, 
carboxylation of aspartic add or glutamic add, phosphorylation, sulphation, 
cystein^on, glyoolysation pentoses, deoxyhexoses, hexosamines, he)QOses or 
N-«cetylhexD3amlne8, iiamesylation, myrlstolysation, biotinylation, palmitoylation, 
stearoyiation, geranytgeranylation, glutatiiionylation. 5'<adenosylaQon, ADP> 
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ribosyiation, modification with N-glycolylneuraminIc acid, N-ace^neuraminic add, 
pyridoxal phosphate, lipolc acid, 4'-phosphopantetheine, or l^ydro)^succinimide. 

In the compounds of fomnula (I), the amino adds A, B, C, D. and E, re^ectively, are 
attached to the adjacent amino add with amide bonds in a usual manner and 
according to standard nomendature so that flie amino-tsmiinus (N-tenninus) of the 
amino acids is drawn on the left and the cartxuxyMemninus of the cvnino acid is drawn 
on the right 

Examples of amino adds which can be used in flie present invention are 

L and D-amino adds, N-methyl-amino-adds; affo- and fhreo^xms of He and TTr, 

whidi can, e.g. be a-, 3- or o>-amino adds, whereof a-amino adds are preferred. 

Examples of amino adds are: 

aspartic add (Asp), glutamic add (Glu), arginine (ArgX lysine (Lys), histidine (His), 
glydne (Gly), serine (Ser) and cystine (Cys), threonine (Thr), asparagine (Asn), 
glutamine (Gin), tyrosine (Tyr), alanine (Ala), prdine (Pro), valine (Val), isdeudne 
(lie), leudne (Leu), methionine (Met), phenylalanine (Phe), tryptophan (Trp), 
hydro)Qrpro)ine (Hyp), beteHsdanine (betake), 2-amino octandc add (Aoa), azetidin&- 
(2)-carbQ)^fic add (Ace), pipecolic add (Pip), 3-amino propionic, 4-amirio butyric and 
so forth, alpha-aminoisobutyric add (Ab), saroosine (Sar), omitNne (Om>, dfruiline 
(Cit), homoarglnine (Har). t-bu^alanine (MxitylnAla), t-butyiglydne (Mx%l-Gly), H- 
methylisoieudne (N-Melle), phenylglydne (Phg), cydohexylaianine (Cha), noileudne 
(Nie), cysteic ackt (Cya) and metNonine suKioxIde (MSG), Aoetyl-Lys, modified amino 
adds such as phosphoryi-serine (Ser(P)), benzyl-serine (Ser(Bzl)) and phosphoryl- 
tyrosine (Tyr(P)), 2-amlnobutyric add (Abu), aminoethylcystelne (AECys), 
carixixymethylc^steine (Cmc), dehydroalanine (Dha), dehydroamino-a-butyric acid 
(Dhb), carboxyglutaminic add (Gla), homoserine (Hse), hydroxyiysine (Hyt), as- 
hydro)^roline (cfsHyp), f/an$-hydro}^roline (fransHyp). isovaline (Iva), pyroglutamic 
add (Pyr), non^aline (Nva), 2-aminobenzoic acid (2-Abz), 3- aminoben29bic acid (3- 
Abz), 4- aminobenzoic add (4^Abz), 4-(aminomethyi)benzoic add (Amb), 4- 
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(aminomethyl)c^clohexanecarboxylic acid (4^mc), Penidllamine (Pen), 2-Amino-4- 
cyanobutyric acid (Cba), c^cioailcane-carbcn^ilc aicds. 

Exampies of Ts-amino acids are e.g.: 5-Ara (aminoraleric acid), 6-Ahx (aminoiiexanoic 
acid), 8-Aoc (aminooctanoic aicd), 9-Anc (aminovanoic aicd), lOrAdc (aminodecanoic 
acid), 11-Aun (aminoundecanoicacid), 12'Ado (aminododecanoic add). 
Further amino adds are: indanytgiycine (Igl), indoiina-2-carbQxyiic add (Idc), 
octaiiydrdndoie-2-carbo3^ic add (Ote), cDamlnopropionic add (Dpr). diaminobufyric 
add (Dbu), naphfylaian'me (1-Nal), (2-Nai), 4-aminopiienylalanin (Plie(4-NH2)), 4- 
benzpyiphenylalardne (Bpa); dipiienylalanine (Dip), 4-bromoplienylaianine (Plie(4- 
Br)), 2'diioroplienylalanine (Phe(2-Ci))i 3-cHorq9henyialahin9 (Plie(3-Ci)). 4- 
chioropiienylalanine (Phe(4-CI)), 3,4-ditonoplienyialanine (Plie (3,4-Cl2)). 3- 
fiuorophenylalanine (Piie(3-F)), 4- fluorophenylalanine (Piie(4f)), 3,4- 
fluorophenylalanine (Piie(3,4-F2)), pentafluoroplien^alanine (Piie(F6)), 4- 
guanfdinopiienytaianine (Phe(4-guanidlno)), liomoptienylaianine (hPiie), 3- 
jodophenylalanine (Piie(3-\J)), 4 jodophenyiaianine (Plie(4-J)), 4-mefliylphenylalanine 
{Phe{A4Ae)), 4Hiitrophenyialanina (Phe-4-N02)), biptienylaianine (Bip), 4- 
piiospiionomeiTtyiplienyiaianlne (Pnp), c^doii^^glydne (Giig), 3-pyridinylaianine (3- 
Pai), 4-pyridinylalanine (4-Pal), 3,4Kieiiydroproline (A-Pro), 4-l^etoproiine (Pro(4- 
l(eto)), tiiioproiine (no), isonipecotic add (Inp), 1,2,3,4,4etraiiydroisoquinoiir>-3- 
carboxyiic add (Tic), propargylgiydne (Pra), 6-hydro)Qmorleudne (NU(&Oi4)), 
iiomotyrosine (liTyr), S^odotyrosine (Tyr(3-J)), 3,5-dijodotyrosine (Tyr(3,6-J2)), d- 
mefliyl-^yrosine (Tyr(Me)), 3^02-fyrosine (TyitS-NOa)), piiospliotyrosine 
(TyrCPOaHz)), ail^glydne, 1-aminoindane-1-cari)oxy acid, 2-aminoindan&-2-carbo}^ 
add (Aic), 4^ino-methylpyrrol-2-carbaxylic add (Py), 4-aminp-pyiroiidine-2- 
cartxD^ic add (Abpc), 2-aminoteirBlin»>2-cart)0)^ic add (Ate), dlaminoacetic add 
(Gly(N1^2))i dfaminobutyric add (DabX 1,3-dlhydro-2IH-i8oinola<»rba)(yliG add (Disc), 
homocyioolia)(yialanin (liCha), liomophenylalanin (hPiie oder IHof), ^»-3-phenyi- 
azBtidine-2-carbaxylic add, 4-phenyt-pyrroiidine-2-carbQKylic add, S^enyi- 
pyrrdidine-2-carboxylic add, 3-pyridyialanine (3-Pya), 4-pyridyiaianine (4-Pya), 
styrylaianine, tstraliydroi8oquinoiin»>1-carbo)^ic add (Tiq), 1,2,3,4> 
tetraiiydronoriiannane-3-carboxyiic add (Tpi), lH2-4hienryl>«lanine (Tha) 
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Other amino acid substitutions for tiiose encoded in tlie genetic code can also be 
Included in peptide compounds wittiin the scope of the invention. 

The present invention furthenrore refers to a phanraceutical composition comprising 
at least one compound of the pres^ invention and a phannaceutically acceptable 
carrier and^or diluenL 

Sudi pharmaceutical composltiois can be prepared by mixing at least one compound 
of the present invention and a phannaceutically aoceptat>le canier and/br dOuant 

The compounds and compositions aoconiing to tiie present nivention can be used for 
ttie t»Bparation of a mecRcament for the prophylaxis or treatment of a condition 
mediated by modulation of the dipeptidyl peptidase IV activity. 

Such conditions are, e.g. selected firom HnpalrBd glucose tolerance, diabetes mellitus, 
giucosuria, metabolic acidosis, cancer and multiple sclerosis. 

The term 'subjecf as used herein, refers to an animal, preferably a mammal, most 
preferably a human, who has been tiie object of ire^ment obsenmtion or experiment 

The temf) 'ttioFapeutically effective amount* as used herisin, means that amount of 
active compound or phannaceutical agent ttiat eBcite the biplogical or medicinal 
response in a tissue system, animal or human, being sought by a researcher, 
veterinarian, medical doctor or otiier clinician, vvhich includes ailevlatton of ttie 
symptoms of ttie disease or disorder belr^l treated. 

fis used herein, ttie term "compositionr is intended to encompass a product 
comprising at least one of the compounds of the present invention in tiie 
therapeutically effective amounts, as well as any product which results, dirsctiy or 
indlrscOy, from combinations of ttie claimed compounds. 
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The compounds of the present invention may also be present In the fomn of a 
pharmaceutically acceptable salt The phamiaceutlcally acceptable salt generally 
tai<e8 a form in which an amino adds basic side chain is (»rotonated with an inorganic 
or organic acid. Representative organic or inorganic adds include, e.g. hydrochloric, 
hydrobromiCk perchloric, suHUric, nitric, phosphoric, acetic, propionic, glycolic, lactic, 
sucdnic, maleic, fumaric, malic, tartaric, dtric, benzoic, mandeilc, methanesuifonic, 
hydraxyethanesuHbnic, benzenesUtfonic, oxaiic, pamoic, 2-naphthalene8ulfbnic, p> 
toulenesulfonic, <^dohexanesulfiamlc, salicylic, saocharinic or trifiuoroacetic add. 

The present Invention further Indudes within its scope procirugs of the compounds of 
this invention. In general, such prodrugs wlH be Uncdonal derivatives of the 
compounds which are readily convertible h vivo Into the desired therapeutically active 
compound. Thus, in these cases, the use of the pres^ im/enftlon shall encompass 
tiie treatment of the various disorders described vWth prodrug versions of one or more 
of the dalmed compounds, but which converts to the above spedfied compound in 
Wvo after administration to the subject Conventional procedures for the selection and 
preparation of suitable prodmg derivatives are described, for example, in "Design of 
Prodmgs', ed. H. Bundgaard, Elsevier, 1985 and the patent applications DE 198 28 
113; WO 99/67278, DE 198 28 114 and WO 99/67279, fUly incoiporated herein by 
reference. 

Where the compounds according to this invention have at least one chiral center, they 
may accordingly exist as enantlomers. Where the compounds possess two or more 
chiral centers, they may addifionaBy exist as (fiastersomers. It Is to be understood that 
aO such isomers and mixtures thereof are enoonqiassed wlttiin the scope of the 
present inventioa Furthermore, some of the crystalline fonns of the compounds may 
exist as polymorphs and as such are Intended to be induded In the present invention. 
In addition, some of the compounds vnav form solvates with water (i.e. hydrates) or 
common organic solvents, and such solvates are also bntended to be encompassed 
vtnthin the scope of this invention. 
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Until the present invention by Applicants, known peptide substrates of the proline- 
spedfic serine protease dipeptidyi peptidase IV in vitro are the tripeptides Diprotin A 
(lle-Pro-lle), Dfprotin B (Val-Pro-Leu) and Diprotin C (Val-Pro-lle). These compounds 
per se are excluded from the present invention. Applicants have unexpectedly 
discovered that the cmipounds disclosed here act as substrates of dipeptidyi 
peptidase IV in wvo and, in phannacologicsd doses, inhibit the physidlo^'cal tunnover 
of mdogenous pepSde honnones by comp^itive catalysis. 

Particularly preferred compounds or prodrugs of the present invention ttiat could be 
useful as modulators of dipq;>tidyl peptid£»e IV and DP IV - like en^es Include 
those con^)ounds or prodrugs Mi^ich show lvalues for DP IV bindng, eftecXMfy in 
DP IV inhibition in )4vo after Intravasal (i.v.> and/or oral (p.o.) administration to Wistar 
rats and improved glucose tolerance in vivo after Lv. and p.a administration to fa/fa 
I&ickerrats. 

The modulators of this invention me^ be prepared using solid phase chemistry or, 
alternatively, via nonnal sdutiffi chemistry, using onriverrtiaial methods iqiown in the 
art 

The utility of the compounds of fbmiula (I) to act as DP IV substrates to inhibit the 
physicdogical tunrKyver of Oogenous peptide hormones by competitive catalysis in 
vivo can be detennined according to the procedures descn'bed in Examples 3 and 4. 
The present invention therefore provides a method of preventing or treating a 
condition mediated by modulation of the DP IV aciMfy in a subject in need thereof 
which comprises administering any of the compounds or pharmaceub'cai 
compositions thereof in a quantity and dosing regimen Iherapeuticaily eifeciive to 
treat the condition. Additionally, the present invention includes the use of a compound 
of fonnuia (I) for the preparation of a medicament for the prevention or treatment of a 
condition mediated by modulation of the DP iV activity in a subject. The compound 
may be administered to a patient by any conventional route of administration, 
induding, txjt not limited to, intravenous, oral, subcutaneous, intramuscular, 
intrademnal arKi parenteral or combinations ttiereof. Oral adminisb-ation is preferred. 
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The present invention aiso provides piiarmaceuticai compositions comprising one or 
more compounds of this invention in association witii a piiannnaceuticaily accq;>tabie 
carrier and/or diiuenL 

To prepare the (^larmaceuticeri compositbns of tiiis invention, one or more 
cmnpounds of formuia (I) or salts thereof as tiie active ingredients, are intimately 
admi)ced with a phannaoeutical carrier and^or (fiiuent according to conventional 
phamnaoeuticai oompouncBng techniques, which carrier may take a wide vari^ of 
fbnms d^^ending of tiie iom of preparation desired tor atbninistration* e.g., oral or 
parenterei such as intramusculsr. in preparing tiie compositions in oral dosage form, 
any of the usual pharmaceutical media may be ^ployed. Thus, for liquid oral 
preparations, such as for example, suspensions, elixirs and solutions, suitable 
carriers and additives may advantageciusly include water, glycols, oils, alcohols, 
flavoring agents, preservatives, coloring agents and the like; for solid orei 
preparations such as, for example, powders, capsules, geicaps and tablets, suit^ie 
carriers and additives include stardies, sugars, diluents, granulating agents, 
iuixicants, binders, disintegrating agents and ttie like. Because of tiieir ease in 
administration, tabi^ and capsules represent the most advantageous oral dosage 
unit form, in which case solid phannaoeutical carriers are employed. If desired, tablets 
mey be sugar coated or enteric ooirted by standard techniques. For parenterals, tiie 
carrier will usually comprise sterile water, through otfier ingredients, for example, for 
purposes such as aiding soiubiiny or fbr preservation, may be included. 

Injectable suspenstons may also be prepared. In which case appropriate liquid 
carriers, suspending agents and tiie lite may be employed. The phannaceutical 
compositions herein will contain, per dosage unit, e.g., tablet, capsule, powder, 
injection, teaspoonfUi and tiie like, an amount of the active ingredient necessary to 
deliver an effective dose as described abova Tiie pharmaceutical compositions 
herein will contain, per dosage unit. e.g., tablet, capsule, powder, injection, 
suppository, teaspoonful and tiie like, of from about 0.01 mg to about 1000 mg 
(preferably about 5 to about 500 mg) and may be given at a dosage of from about 0.1 
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to about 300 mg/ kg bodywejght per day (preferably 1 to 50 mg/kg per day). The 
dosages, however, may be varied depending upon the requirement of the patients, 
the severity of the condition being treated and the compound being employed. The 
use of ettlier daily administnaiion or post-periodic dosing m^ be employed. Typically 
the dosage will be regulated the physidai based on the chaFenteristics of the 
patient, hie/her condifion and the therEqpeutic effect dea'red. 

Preferably these compositions are in unit dosage fonns finom sudi as tablets, pills, 
capsules, powders, granules, sterile parenteral solutions or suspensions, metered 
aerosol or liquid sprays, drops, ampoules, autoinjector de>^ces or suppo^tories; fbr 
oral, parenteral, intranasal, suislingual or rectal administration, or fcnr administration by 
inhalation or insufflation. Altematiyeiy, the composition may be presented in a fbnn 
suitable for onc&^weeldy or once-monthly administration; for example, an insoluble 
salt of the active compound, such as the decanoate salt, may be adapted to provide a 
d^ot preparation for intramuscular injection. For preparing solid compositions such 
as tablets, the principal active ingredient is ideally mixed with a piiarmaoeutical 
earner^ e.g. convention^ taUeting ingredients suct> as com starch, lactose, sucrose, 
sorisitcrf, talc, stearic add, magnesium stearate, dicaldum phosphate or gums, and 
other pharmaceutical diluaits, e.g. water, to form a solid prafonmilatlon composition 
contairdng a homogeneous mixture of a onnpound of the preser^ invention, or a 
phamiaoeutically acceptable salt thereof. When refisrring to ttiese prelbnnulation 
compositions as homogeneous, it Is meant that the active ingredient Is Ideally 
dispersed evenly throughout the composition so that the composition mcQ^ be readily 
subcfivided into equally effective dosage fonns such as toUets, pills and capsules. 
This soHd prsformuiation composition m£^ then he subdivided Into unit dosage fonns 
of the type described above containing finom 0.01 to about 1000 mg, preferably from 
ebo\A 5 to about 500 mg of the active Ingredi^ of the present invention. 

The tablets or pills of tiie novel composition can t>e advantageously coated or 
otherwise compounded to provide a dosage fomi affording the advantage of 
prolonged action. For example, tiie tabi^ or pill can comprise an inner dosage and an 
outer dosage component, the latter being in the torn of an envelope over the former. 
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The two components can be separated by an enteric layer which serves to resist 
disintegration in the stomach and penmits the inner component to pass intact into the 
duodenum or to be delayed in release. A vari^ of materials can be used for such 
enteric layers or coatings, such materials including a number of polymeric adds with 
such materials as shellac, oetyl alcohol and celiulo^ acetate. 

The liquid forms in wiiich the novel compositions of the present invention may be 
advantageously incorporated for administration orally or by ir^ction imiude aqueous 
solutions, suitably flavoured ^rups, aqueous or di suspensions, and flavoured 
emulsions with edible oils such as cottonseed oil, sesame oil. coconut oil or peanut 
oil. as well as ^ixirs and similar phamnaceutical vehiicles. Suitable dispersing or 
suspending a^nts for aqueous suspensions Include synth^c and natural gums such 
as tragacanth, acada, alginate, dextran, socfium carix»^methyipelluiose. 
methylcellulose, polyvinylpyrrolidone or gelatia 

>A/here the.processes for the prepcration of the compounds according to the invention 
give rise to a mixture of stereoisomers, these isomers may be separated by 
conventional techniques such as preparative chromatography. The compounds may 
be prepared in racemic form, or individual enantiomers may t>e prepared either by 
enantlospedfic syntliesis or by resolution. The compounds may, for example, be 
resolved into their components enantiomers by standard techniques, such as the 
fomiation of diastereomolc pairs by salt fbnnation vi/ith an optically acGve add, such 
as (-)-di-p4oluoyi-d4artaric add and^or (•i-)-di-i>4oluoyi-l-tartaic add foHowed tyy 
fractional crystallization and regenerallon of the fiise base. The compounds may also 
resolved by fonnation of diastereomeric esters or amides, followed by 
chromatograpMc separation and removal of the chiral auxiliary. Altematively, the 
compounds may t>e resolved using a chiral HPLC column. 

During any of ttie processes for preparation of the compounds of tiie present 
invention, it may be necessary andfor desirable to protect sensitive or reactive groups 
on any of the molecules concerned. This may be achieved by means of conventional 
protecting groups, such as tiiose described in Protac^va Groups in Organic 
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Chemistry, ed. J.F.W. McOmIe, Plenum. Press, 1973; and T.W. Greene & P.G.M. 
Wuts, Protective Groups In Organic Synthesis. John Wiley & Sons, 1991, fully 
Incorporated herein by reference. The protecting groups may be removed at a 
convenient subsequent stage using methods known from ttie art 

The method of treating conditions modulated by dipeGdyi peptidase IV and DP iV - 
like ^iz^mes described fn the prssorit Invention may also be carried put using a 
phamiaceufical composition comprising one or more of the compounds as defined 
her^n and a pharmaceutically acceptsdaie corier. The phanmaceutical composition 
may contain between about 0.01 mg and 1 000 mg, preferat^ about 5 to about 500 or 
250 mg of the compounds, and may be constituted Into any form suitable for the 
mode of administration selected. Canlera include necessary and inert pharmacoutical 
excipients, induding, but not limited to, binders, su^>ending agents, lut>ricants. 
flavorants, swe^eners, preservatives, dyes, and coatings. Compositions suitable for 
oral administration include solid fomns, such as pills, tablets, caplets, capsules (each 
including immediate r^ease, timed release and susteined release formulations), 
granules, and powders, and liquid fomns, sudi as solutions, syrups, elixirs, emulsions, 
and susjaensions. Forms useful for parenteral administration include sterile solutions, 
emulsions and suspensions. 

Advantageously, oorr^pounds of the present fanveniion may be administered in a single 
daily dose, or the total dally dosage be adn^nistered in divided doses of two. 
three or four times daily. Furtfiennore, compounds Ibr the present invention can be 
administered in intranasal ftarm via topical use of suitskbie intranasal vehicles, or via 
transdennal skin patches well known to those of ordinary skill In that art To be 
administeiped in the form of tramdennai dellvejry system, the dosage administratbn 
win, of course, be continuous raSter tiisn intennittent ttvoughout ttie ck)sage regimen 
and dosage strsngtii will need to fc>e acoonilngly modified to obtain the desired 
therapeutic effects. 

For instance, for oral administration in the forni of a tablet or capsule, the active dmg 
component can be combined wiUi an oral, non-4axic pharmaceutteaily acceptable inert 



wo 03/002593 



PCT/EF02/07128 



18 

carrier such as ethanol, glycerol, water and the like. Moreover, when desired or 
necessary, suitable binders; lubricants, disintegrating agents and coloring agents can 
also be incorporated into the mixture. Suitable binders include, without limitation, 
starch, gelatin, natural sugars such as glucose or betalactose, com sweeteners, 
natured and synthetic gums such as acacia, tragacantti or socHum oleate, sodium 
stearate, magnesium stearate. socBum benzoate, sodium acetate, sodium chloride 
and the lil<e. Disintegrators include, without limitation, starch, methyl oeliulose, agar, 
bentontte, xanthan gum and the )ii«. 

The liquid fonms In suitafcto flavored suspending or dispersing agents such as fhs 
synttietic and natural gums, for example, tragacanth, acada, mefhyl-ceiluiose and tlie 
iil<e. For parenteral administration, sterile suspensions arKi solutions are desired. 
Isotonic preparations which generally contain suitable preservatives are employed 
when intravenous administration is desired. 

The compound of the present invention can also t}e administered in the form of 
liposome delivery systems, such as small unilamellar vesicles, large unilamellar 
vesides, and multilameilar ve^des. Uposomes can be fonned from a variety of 
phospholipids, such as cholesterol, stearylamine or phosphatidyichollnes using 
processes well described h the art 

Compounds of the present inventton may also be delivered by the use of Effitbodies, 
most pr8f^red>ly monoclonal antibodiiss as individual cailers to which the oompomd 
molecules are coupled. The compounds of the present invention may also b& coupled 
wWi solidsie polymers as targetaidie dri^ carriers. Such polymers can include 
polyvinylpyrrolidone, pyran oqsoiymer, poiyhydrcD^ropylmethacryiamidephenoi, 
polyhydro^^ethyiaspartamidephenol, or polyethyl eneooddepolyllysine subst'rtutsd with 
palmitoyi residue. FLR^ennore, the compounds of the present invention may be 
coupled to a class of biodegradable polymers useful in achieving controlled release of 
a dmg, for example, polyactic add, poiyepsilon caproiactone, poiyhydro)^ butyeric 
add, poiyorthoesters, poiyacetals, poiydihydropyrans, poiyc^noacryiates and cross- 
linl(ed or amphipathic blocl^ copolymers of hycbnogels. 
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Compounds of this invention may be administered in any of the foregoing 
compositions and according to dosage regimens established in the art whenever 
trsatment of the addressed disorders is rsquirsd. 

The daily dosage of the products may be varied over a wide range from 0.01 to 1.000 
mg per adult human per day. For oral admlnistrab'on, the compositions are prefsrably 
provided in the form of tablets containing, 0.01 , 0.05, 0.1 , 0.5, 1 .0^ Z5, 5.0, 10.0, 1 5.0, 
25.0. 50.0, 100, 150, 200, 250, 500 and 1000 milllgFams of the active ingredient fbr 
tfie symptomatic acQustment of ttie dosage to the patient to t>e treated. An effective 
amount of the drug is ordinarily supplied at a dosage levd of firom about 0.1 mg/l^ to 
about 300 mg/l^ of body weight per day. Prefmxdsly, tiie range is finom about 1 to 
about 50 mg/i<g of body weight per day. Tlie compounds may be administered on a 
regimen of 1 to 4 times per day. 

Optimal dosages to be administered may be readily detennined by those sidlled in the 
art, and will vary with the particular compound used, the mode of administration, the 
strength of the preparation, bioavailability due to the mode of administration, and the 
advancement of disease condition. In addition, factors associated with the particular 
patient being treated, including patient age, weight, diet and time of adminisbation, 
should generally t>e considered In adjusting dosages. 

The compounds or compositions of the present hvention may be taken before a 
meal, while taking a meal or after a meal 

When taken before a meal, the compounds or compositions of ttie present invention 
can be taken 1 hour, preferebfy 30 or even 15 or 5 minutes before eating. ■ 

When taken while eating, the compounds or compositions of tlie present invention 
can be mixed Into the meal or taken in a s^arate dosage form as described above. 
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When taken after a meal, the compounds and compositions of the present invention 
can be taken 5, 15, or 30 minutes or even 1 hour after finishing a meal. 
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EXAMPLES OF THE INVENTION 

Example 1 

Synthesis of Xaa-Pro-Yaa trip^fides 

General procedure 

All syntheses were canled out on a peptide synthesizer SP 650 (Labortec AG) 
applying Fmoc/tBu-strategy. Protected amino acids were purchased from 
Novabiochem or Bachem. TrifiUoro acetic acid (TFA) was purchased from Merci<, 
triisopropyl sitane (TIS) was purchased from Fluka 

Preloaded Fmoo-Yaa-Wang resin (2.8 g/ substitution level 0.57 mmoi/g) was 
deprotected using 20% piperidine/ N.N-dimethylformamide (DMF). After washing with 
DMF a solution of 2 eq (1.1 g) of Fmoo-Pro-OH were solved in DMF (12ml solvent 
per gram resin). 2eq (1.04 g) of 2-(1 H-Benzofriazole 1-^)-1,1.3.3-tetnamethyluronium 
tetrafluoroborata (TBTU) and 4 eq (1.11ml) of N,N-da8opropyl6thylamlne (DIEA) were 
added and placed in the reaction vessel. The mixture was shalcen at room 
temperature for 20 minutes. Then, the (»upiing cyde was repeated. After subsequent 
washnig with DMF, dichlonnethane, isopropanol and diett^ etho* the resulting Fmoo- 
Pro-lle^ang re^n w^ dried and divided into 6 parts before coupling the last amino 
add derivative. 

Fmoc protecting group was removed as described above. After that 0.54 mmol of the 
Boo-amino acid, 0.54 mmol TBTU and 0.108 mmol DIEA In DMF were shal<en for 20 
min. The coupling c^cle was repeated. Finally the p^tide resin was washed and 
dried described abova 
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The peptide was cleaved from the resin using a mixture of trifluoroacetic add (TFA) 
for 2.5 h, containing the follovw'ng scavengers: TFA/HaO/triisipropytsilane (TIS) = 
9.5/0.25/0.25 

The ^eids of crude peptides were 80-90% on the average, the crude peptides were 
purified fcyy HPLC on a Nudeosil C18 column (7 yim, 250*21.20 mm, 100 A) using a 
linear gradient of 0.1% TFA/H2O wlih increasing concentration of 0.1% 
TFA/acetonitriie (from 5% to 65% in 40 min) at 6 mi/min. 

The pure pepSdes were ot)t£dned by lyophilizaUon, identified by Electrospray mass 
spectrometry and HPLC analysis. 

Results 



Table 1: Identification of Xaa-Pro-Yaa tripeptldes after chemical synthesis 



Peptidle 


Mass (calc.) 


Mass (exp.)^ 
[M+H*J 


HPLCk* 


2nAmino octandc add- 
Pro-lle 


369.5 


370.2 


10.63 


Abu-Pro-lls 


313.4 


314.0 


6.7 


Aib-Pro-Ile 


3ia4 


314.0 


5.25 


A:»-Pro-lle 


311.4 


312.4 


5.29 


Cha-Pro-iie 


381.52 


382.0 


10.4 


lle-Hyp-lle 


356.45 


358.2 


6.57 


lle-Pro-a//o-lle 


341.4 


342.0 


7.72 


lle-Pro-MJutyl-Gly 


341.47 


342,36 


6.93 


llePro-Val 


327.43 


328.5 


6.41 


NIe-Pro-lle 


341.45 


342.2 


8.09 
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Nva-Pro-lle 


327.43 


328.2 


6.82 


Om-Pro-lle 


342.42 


343.1 


3.73 


Phe-Pro-lle 


375.47 


376.2 


8«96 


Phg-Pro-lle 


361.44 


362.2 


7.90 


PIp-Pro-ll© 


338.56 


340.0 


6.50 


Ser(Bzl)-Pro-lle 


405.49 


406.0 


9.87 


Ser(P)-Pro-lle 


396.37 


396.0 


3.35 


Ser-Pro-lle 


315.37 


316.3 


5.24 


M>utyl-6(y^ro-D-Val 


327.4 


328.6 


7.27 


M3utyl-Gly-Pn>-6ly 


285.4 


286.3 


3.74 


f-butyl-Gly -Pro-lie 


341.47 


342.1 


7.16 


/-butyl-Gly ^ro-lie-amide 


340.47 


341.3 


7.8 


*-butyl-Gly-Pro-M5utyl-Gly 


341.24 


34Z5 


9.09 


f-butyl-Gly-Pro-Val 


327.4 


328.4 


6,32 


Thr-Pro-Ilo 


329.4 


330.0 


5.12 


Tic5-Pro-lle 


387.46 


388.0 


8.57 


Trp-Pro-lle 


414.51 


415.2 


9.85 


Tyr(PH»n>Jle 


471.47 


472.3 


5.14 


TVr-Pro-a/fo-lte 


391.5 


392.0 


7.02 


Val-Pro-«iK»-lle 


327.4 


328.5 


6.51 


Val-Pro-f4julyl-GIy 


327.4 


328.15 


5.98 


Val-Pro-Val 


313.4 


314.0 


5.07 



[M+K*! were detained by Elec^spray mass spectrometry in positive ionizafion 
mode. 



'^RP-HPLC conditions: 

column: LiChiospher 100 RP 18 (5|jm), 

125 x4 mm 
detection (UV): 214nm 
gradient system: acetonitrile (ACN)/H20 (0.1 % TPA) 

from 5% ACN to 50% In15 min, 
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k' = (trto)/tb 

ib« 1.16mln 



f-butyl-Gly is defined as: 



-1^ 



Ser(Bzl) and Ser(P) are defined as b^izyi-serine and phosphoryi-serlne, respectively. 
Tyr(P) is defined as phoqphoryl-^slneL 

Example 2 

Detemdnation of ICw and Ki-values of Xaa-Pro-Yaa tripeptides 
ATeiftcKls 

Detemtf nation of ICm-valuea 

100 Kil inhibitor stock solution were mixed with 100 jjl buffer (HEPES pH 7.6) and 50 
pi substrate (Gly-Pro-pNA, final concentration 0.4 mM) and preincubated at 30*C. 
Reaction was started by addition of 20 pi purified porcine DP IV. Formation of the 
product pNA was measured at 405 nm over 10 min using the HTS 7000P(us plate 
reader (Perkin Elmer) and slopes were calculated. The final InNbitor concentrations 
ranged between 1 mM and 30 nM. 

For calculation of ICervalues GraFit 4.0.13 (ErHhacus Software) was used. 
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flow 1 ml/min 



HaN>^ ^COOH 
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Determination of K -values 

For determination of the K^values DP IV activity was measured in ttie same way as 
described above at final substrata concentrations of 0.05, 0.1, 0.2, and 0.4 mM and 
fUrtlier 7 iniiibitor concentrations covering tlie iCeo concentration. Calculations were 
performed using the GraFit Software. 

Results 



Table 2: iCw-values of Xaa-Pro-Yaatripeptides 



Compound 


ICso (moVI) 


SD (mol/l) 


AtHi-Pro-iie 


3.43e-5 


1.75e-6 


Aib-Pro-lie 


no inhibition 




AOA-Pro-lle 


4.21 e^ 


1.26e>6 


AzB-Pro-Iie 


7.28e-5 


5.00»6 


Cha-Pro-lle 


2.03e-6 


2.126-7 


Diprc^n A 


4.69e-6 


4.11©-7 


DiprotlnB 


5.54e-5 


5.49e-6 


lle-Hyp-lie 


6.00e-3 


6.80&4 


lle-Pro-(alio)lle 


1.54e-5 


3.81e-7 


lle-Pro-f-bufyi-Gly 


8.23e-5 


3.84e^ 


ile-Pro-Val 


1.52e-5 


7.68e-7 


NIe-Pro-lle 


2.19e-5 


5.27e-7 


Nva-Pro-lle 


248a-5 


8.23e-7 


Om-Pro-lle 


2.16e-4 


4.44e-5 


Phe-Pro-lle 


6.20e^ 


2.746-6 


Phg^ro-lle 


1.54»4 


1.346^ 


Pip-PrcHIa 


> 0.100 




Ser(P)-Pro-Ile 


1.20e-2 


0.0015 


Ser(Bzi)-Pro-lie 


6.78e-5 


3.07e-6 


Ser-Pro-lle 


2.81»4 


4.69e-5 


f-butyl-Gly-Pro-D-Vai 


1.12»4 


5.62e-6 
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W>utyl-Gly-Pro-Gly 


5.63e-5 


1.67e-6 


f-butyl-Gly-Pro-lle 


9.34e-6 


9.088-7 


M}utyl-Gly-Pro-li&^H2 


Z29e-6 


1.13e« 


f-butyl-Giy-Pro- f-butyl-Gly 


2.45e^ 


8.01e-7 


f-bLityl-<3ly-Pro-Vai 


1.38e-6 


1.28e^ 


Thr-Pro-ll© 


1.00&4 


4.43e« 


Tlo-Pro-lle 


0.0008 


9.28&6 


Trp-Pro-llo 


3.17e-4 


1.80e-5 


Tyr(P)-PrD-Il9 


1.77e-3 


9.36e-4 


Tyr-Pro<allo)lle 


6.41e-5 


3.07e^ 


Val-Pro-(ano)lle 


1.80e-5 


7.61e-7 


VaWro-Val 


1.64e-5 


1.22a^ 



f-butyi-Gly is defined as: 

^COOH 



Ser(Bzi) and Ser(P) are defined as benzyl-serine and pt&osphoryl-serine, respectively. 
Tyr(P) is defined as phosphoryl-tyrosine. 



Table 3: Kj -values of Xaa-Pro-Yaa tripeptidea 



Compound 


Ki(mol/i) 


SD(mol/l) 


Abu-Pro-lle 


8.75e-6 


1.S2e-6 


AOA-Pro-lte 


1.266^ 


2.2e-6 


Az9-Pro-llo 


Z05e-5 


3.77e-6 


Cha-Pro-lle 


6.999-6 


2.11e-7 


DiprotinA 




Z08d.7 



wo 03/002593 



PCT/EF02/07128 



27 



Diprotin B 


Z24e-6 


1.6e-7 


ll&-Pro-(allo)lie 




2.688-7 


lla-Pro-^-butyl-Gly 


1.89e-5 


8.308-7 


lle-Prb-Vai 


5.256-6 


1.82e-8 


NIe-Pro-lle 


9.60e-6 


3.186-8 


Nva-Pro-lle 




1.088^ 


Phe^*rx)-lle 


1.47e-6 


3.926-8 


Ser(Bz)-Pro-lle 


2.168-5 


1.798-6 


Msutyl-Gly^PrD-D-Vai 


2.658-5 


1.638-7 


f-tnjfyi-Qty-Pro-Gly 


1.518-5 


8.706-7 


f-butyl-Gly-Pro-lle 


3.10e^ 


1.566-8 


MDutyl-ay-Pro-lle-NHz 


5.608^ 


1.248-8 


f-butyI-Gly-Pro-/-bu^Gly 


1.418-5 


1.18&.7 


f-tiutyl-Gly-Pro-Val 


3.108-6 


1.608-7 


Tyr-Pro-(allo)lte 


1.828-6 


3.36e-6 


Val-PrcKaUo)lle 




2.56e-8 


Val-Pro-f-butyl-Gly 


1.968-5 


1.31e-6 


Vat-Pro-Val 


4.45&6 


3.786-9 



f-bu^-Gty is defin6d as: 

a 
S 

SaitBzl) and Ser(P) are dafined as benzyl-sarina and phosphoryl-serina, respectively. 
Tyr(P) is defined as phosphoryl-4yro8ina 
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Examples 

The Influence of Xaa-Pro<Yaa trlpeptldes on plasma acUvIfy of DP IV after 
intravasal and oral administration In WIstar rats 

Study PE8IQW 
Animals 

Nb10 male Wistar rats (Shoe:Wist(Sho)) with a body >veight >350 g were purch^ed 
from Tierzudit Schdnwalde (SdiSnwalde, Gemnany). 

HousiNQCommot^ 

Animals were single-housed under conventional conditions with controlled 
temperature (??+? "C) on a 12/12 hours light/daric cyde (light on at 06:00 AM). 
Standard pelleted diow (ssnifl* Soest. Gennany) and tap water acidified with HCt 
were allowed ad libitum. 

Cathetewzattom of Carotid Artepyand Jugular Vbn 

. fiS\sr one we^ of adaptafion to housing conditions, catheters were implanted into the 
carotid artery of Wistar rats under general anaesthesia (l-P> injection of 0.25 ml/kg 
b.w. Rompun® [2 %], BayerVital. Gennany and 0.5 ml/kg b.w. Ketamin 10, Atarost 
GmbH & Co., Twistringen, Germany). The animals were allowed to recover for one 
week. The catheters were flushed with heparin-s^ine (100 lU/ml) ttiree times per 

In case of catheter dysfunction, a second catheter was inserted into the contra-lateral 
carotid artery of the respective raL After one we^ of recovery from surgery, this 
animal was reintegrated into the study. In case of dysfunction of the second cath^er, 
the animal was withdrawn from the stucjy. A new animal was recruited and the 
experimente were continued in the planned sequence, b^innlng at least 5 days after 
catheter implantation. 
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EXPERIMENTAL DESIQN 

Rats with Intact catheter function were given the test sul>stahoes intravasal 
(intraarterial) or oral, respectively, in random order (Nb3 Wistar rats in each group). • 
As positive control, 10 mg/i<g b.w. isoleudne thiazoiidine^fumarate were administered 
intravasal. 

After ovemis^t fasSng. 100 [A samples of heparinizBd arterial blood were collected at 
-30, -5, and 0 min into ice-oooled Eppendorf tubes (see b^ow). The test siA)stances 
were dissolved 1i«shly In 1.0 mi saline (0.154 mol/l) and were given at 0 min either 
oral via a feeding tube (15g, 75 mm; Fine Science Tools, Heidelberg, Gennany) or 
intravasal. For the intravasal routs, Vh& catheter was immediately flushed with 30 [A 
saline and an additional 1 mi of saline was given orally via the feeding tube. 

Arterial blood samples were taken thereaft^ at 5, 10 (only in a limited numfc)er of 
aqserimerrts), 20, 40, 60 and 120 min from the caroSd catheter of the consdous 
unrestrained rats and were alwsys given into ice cooled Eppendorf tubes (Eppendorf- 
Netheier-HinZi Hamburg, Gennany) filled with 10 pM M citrate buffer pH 3.0 for 
prevention of further hydrolysis of tripeptldes by plasma DP iV acXMfy. Eppendorf 
tubes werei centrifUged immediately (12000 ipm for 2 min, Hettich Zentiifuge EBA 12, 
Tuttlingen; Gennany): The plasma liractions were store on ice iKiifl analysis or were 
deeply frozen at -20 ^'C until analysis. 

ANALYnCALMEmODS 

Plasma DP IV activitv. The assay mixture consisted of 80 pi reagent and 20 Ml 
plasma. Kinetic measurements of the fomnation of the yellow product 4Hiitroanillne 
were performed at 390 nm for 1 min at 30 after 2 min pre-incubation at the same 
temperature. The activity was expressed as arbitrary units [AU] and DP IV activity 
[mU/ml). 
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The absolute values of plasma DP IV activity, tlie relative change of plasma DP IV 
activity and the time and extent of maximal inhit)ition were calculated. Data 
presentation included the presentatton of area under the curve (AUC), which was 
used for evaluation of extent of inhit>itlon of plasma DP IV activity during the tvra 
hours of ot)8ervation. AUC was caiculatiBd using the trapezoidal rule. Reactive AUC 
had a baseline with the value at 0 mln with beginning of the inhibitor acbninistration. 
To compare relative changes of parameters under the conditions of different initial 
values of DP IV acQvffy an unHbnn standardised mean (values) was set up at tiie 
beginning of tiie test (see Rgures and Tables). 

Statistical evaluafa'ons were perfbnned with Microsoft Excef* 97. Ail variables are 
presented as mean and standard deviation (SD). Treatment groups were compared 
by Student's t-test, wtthin-group changes by paired t4esL Two-tailed values of p<0.05 
were considered significant 

Re&ilts 

The INFLUENCE OFlL&PROJLE ON PLASMA DP DfACmtPrm WISTAR-RATS 

Ascending doses of lle-Pro-lie of 10, 30 and 100 mg/icg b.w. were administered to 
Wistar rats via intrayasal route (Table 1). 

After intravasai administration of lle-Pro-lie there is a tendency of dose-dependent 
plasma DP IV inhibition by He-Pro-lle. This inhibition was significant only at tiie dose 
of 100 mg/kg b.w. (wKh respect to DP IV activity at time 0 mln). See Rgure 1 which 
shows tiiat tiie lr^il:rition of DP iV by lle-Pro-lie was decreased rapidly. 20 minutes 
after administration, the initial level of dipeptidyl peptidase iV activity was restored. 

Witii reference to Rgure 2, it can be seen tiiat tiie area under the curve of DP IV 
activity at tiie dose of 100 mg/kg b.w. was significantiy decreased (-159 i40 
mU*min*mr\ p<0.05). 
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THE INFLUENCE OF VAL-PRO^U ON PLASMA DP N ACTMWfm ]MSTAR.RATS 

A tendency to decline plasma DP IV activi^ was seen after 10 and 30 mg/kg b.w. of 
Val-Ptx>-Leu given Intravasal (Rgure 3). After 10 mg/kg b.w. lowest plasma actlviV 
was 26.21B.0 mU/ml at 5 min (NS) and after 30 mg/kg It was 21.8±9.8 (NS). This was 
also reflected in the low DP IV-AUC0.20 min of -34±6 mU*min'mr^ after 10 mg/kg b.w. 
and of -10±10 mU min mr^ after 30 mg/kg b.w. of Val-Pro-Leu (NS). 

With reference to Rgure 4, 100 mg/kg b.w. declined plasma DP IV activity at 5 min 
(10.4±3.2 mU/ml; p<0.05 vs. 0 min) after intravasal administration and DP IV-AUCmd 
ndn was therefore slightly declined (-54±54 mU min mr^ NS). 
The inhibition of plasma DP IV was always stopped 20 min after the administration. 
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The compounds lle-Pro-lie and Vai-Pro-Leu Inhibit plasma DP IV-activity in Wistar 
rats after intravasal administration in relatively iiigh doses (100 mg/kg b.w.). With lie- 
Pro-lle it seems to be a dose, dependent iniiibitibn of DP IV after intravasal 
administration. 

THE INFLUENCE OF ^BUTYL-GLY-PRO'ILE ON PLASMA DP tVACrMTYIN WiSTAf^RATS 

100 mg/kg b.w. f-bufyl-6ly-Pro-lle was administered oral and intravasal. With 
reference to figure 5, f-bu^Gly-Pro-lle did decrease plasma DP IV slowly over a time 
period, of -40 min when given orally. 100 mg/kg b.w. given intravasal, induced a very 
rapkl decline below 10 mU/ml at 5 min (p<0.05). thereafter a restoration (p<0.05 
Snrdn V8.40 min) was found. DP IV-AUCo-i2omin was mors declined after intra-vasal (- 
6171234 mU-min-ml^) than after oral administration (-3361162 mU-nrin-mr\ p<0.05 
vs. intra-vasal). 
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Table 8 shows the results of selected Xaa-Pro-Yaa tripeptides, tasted for their 
InNbHory potential of DPIV and DPIV-like enzyme activity after oral and Intnavasal 
administration to Wistar rets. . 



TaWe 8 Results - DPIV inhMon at W after administraeon afy^a-Pro-Yaa 
tripeptides to Wistar rats 



Structure 


Dose 
(mg/kg) 


I.V. (%) 


p.o. (%) 


DiprotlnA(Ue-PrD-lie) 


100 


73 


no inhibition 


Diprotin B (Val-Pro-Leu) 


100 


50 


no mhibition 


Tyr(P)-Pro-lle 


100 


37 


no inhibition 


M3utyi-6ly*Pro-ne 


100 


71 


28 


f43utyl-GI)^Pro-Val 


100 


72 


25 



EXAMPLE4 

The efftet of Xaa-Pro-Yaa TVIpepfides on glucose toleiwice in diabetic Ziiclcer 
rats 

Study Design 
Animals 

N=30 male Zucker rats {feJfa), mean age 1 1 weeks (5-12 wej^s), mean body weight 
350 g (150-400 g), were purchased from Charles River (Sulzfsld, Gennany). They 
were kept few >12 weeks until all the fatty Zucker rets had the characteristics of 
manifest Diabetes melUtus. 
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HousuocoNDmoMa 

Ailmals were kept single-housed under conventional conditions with controlied 
temperature (22d2 ^C) on a 12/12 hours light/dark cyde (light on at 06:00 a.m.). 
Standard pellets (ssniff®, Soest, Germany) and tap water acidified with HCi were 
allowed ad libitum. 

CATWEIERgAITOW OF CAROTID ARTEKY 

Fatty Zudcer rats, 17-24 weeks old, adapted to the houang conditions, were well 
prepared for the tests. Catheters were implanted into the carotid artery of fatty Zucker 
rats under general anaesthesia (i.p. irifection of 0.25 ml/kg b.w. Rompun* [2 %]. 
BayerVttai, Gennany and 0.5 ml/kg b.w. Kstamin 10. Atarost GmbH & Co.. 
Twistring^ Gennany). The animals were alkMved to recover far one week. The 
catheters were flushed with heparin-saline (1 00 lU/ml) three times per week. 
In case of cattieter dysfUnctton, a second cattieter was inserted into ttie contra4afeeral 
carotid artary of the respective rat After one week of recovery from surgery, this 
animal was reintegrated into the study, in case of dysfunction of the second catheter, 
the animal was withdrawn fincHn the study. A new animal was recodtad and the 
experiments were continued in ttie planned sequence, beginning at least 7 days after 
catheter impiantatioa 

Experimental oEsiew 

Fat^ Zucker rats with intact catheter function were given in random order placebo (1 
mi saline, 0.154 moi/l; N=9 animals as control), one unifbrm dose of isoleucyi 
thiazolidine^marate (10 mg/kg b.w. solved in 1 ml saline; N=6 animals) as positive 
control or 100 mg/kg b.w. test substeuice, solved in 1 mi saline (N=6 animals in each 
testgroup). 

After ovenriight fasting, the f^ Zuelzer rats were gtven placebo, positive control and 
test substance, respectively, via feeding tube oraDy (15 G. 75 mm; Fine Science 
Toois, l-ieideiberg, Gennany) at -10 min. An oral glucose tolerance test (OGTT) with 
2 g/kg b.w. glucose as a 40 % solution (B. Braun Melsungen, Melsungen, Germany) 
was implemented at iO mia The glucose was administered via a second feeding 
tuba Arterial blood samples from the carotid cath^er were collected at -^0 min, -15 
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min, ±0 min and at 5, 10, 15, 20, 30, 40, 60, 90 and 120 min Into 20 |J| glass 
capHlaries, which were placed In standard tubes filled witii 1 ml solution for hemolysis 
(blood glucose measurement). 

In addition, arterial blood samples were taken at -30 min, at 20, 40 60 and 120 min 
from the carotid catheter of the conscious unrestrained Zucker rats and given 
into ice cooled Eppendorf tubes (Eppendorf-Netheler-Hinz, Hamburg, Germany) filled 
with 10 III sodium citrate buffer (pH 3.0) for plasma DP activify measurement 
Eppendorf tubes were centrffuged immediately (12000 rpm for 2 min, Hettich 
Zlentrifuge EBA 12, Tuttlingen; Gemnany): The plasma fractions were stofBd on ice 
\Ml analysis. 

Analytical Methods 

Blood glucose: Glucose levels were measured using the glucose (»ddase procedure 
(SijV>er G GIukosemeBgera^ Dr. MQIIer Geritebau, Freital, Germarv). 

Several tripeptldes, tested in the in vivo sssey according to example 4, Improved 
significantly the glucose toimunce after oral administration diring an OGTT In Zucker 
rats (see table 9 and fi^es 7 and 8). 



TaMe 9 RestiUfs ■- hnprovament <a Mucosa toiwance alb&r admii^ration ofXaa- 
Pro-Yaa tripepSctes dmtg an OGTTin Zudk&rtBts 



Compound 


Dose 


Route 


AUG Control 


AUG test 


Improveme 




(mg/kg 


of adm. 


(mmormin/1) 


compound 


nt 




b.w.). 






(mmol*ntfn/l) 


% 


f-butyl-Gly-Pro-lle 


100 


P.O. 


766,2 


653,2 


14,8 


Val-Pro-f-butyl-Gly 


100 


P.O. 


865,6 


722,4 


16,6 


lle-Pro-M)ufyi-Gly 


100 


P.O. 


865,6 


819,5 


5,3 



wo 03/002593 



PCTAEP02/07128 



39 

Examples 

Interaction of peptldic compounds with mammalian peptide transporters 

For the analysis o the interacHon of the inhibitors of prolyl-spedfic proteases witii the 
mammalian peptide transporters two assay systems were used. Rrst all test 
compounds were submitted to the competition assay vwth transgenic yeast cells to 
deiemiine the dose-dependent displacement (ECsd values) of the radiolabeled tracer 
dip^Kde from the substrate bincOng site. Compounds identified as possessing good 
affihitles were then subndtted to eiectr(H)hys]ological analy^ of traisport oun«nts in 
Xmopus oocytes expres^ng the mammalian peiptide transporters. As the level of 
functional repression varies In oocytes, each test compound was conpared in the 
same oocyte with the current didted by 5 mM of the dipepfide giycyl4.-^utamine 
(Giy-GIn). Currents of test compounds ains therefore given r^ative to that by. Qly-GIn 
as %l GiyLGin, expressed as residual uptake in table 10. 

Tali/e 10 Results - /nferacfton ofpepiklk} compounds with mammaJian pep^ 
transporters 



Substance 


PEPT1 


PEPT1 


PEPT2 


PEPT2 




EC8o(mM) 


Residual 


ECso(mM) 


Residual 






uptake 




uptake 






%le|y>Qlii 




%leiy4ln 


Cha-Pro-lle 


0.141 ±0,009 


90 


0.124 ±0,001 


100 


"IVr(P)-Pro-lle 


0,902 ±0,058 


0 


0.390 ±0,017 


0 


Ser(P)-Pro-lie 


4,1 ±1,3 


0 


4.9 ±1,09 


0 


f-butyl-Gly-Pro-D-Val 


11,1 ±2,8 


0 


1,5 ±0.24 


0 


f-butyi-Gly-Pro-D-lle 


10,6 ±0,064 


0 


2,3 ±1,12 


0 


ll»Pro-Val 


0.319 ±0,04 


65 


0,172 ±0.03 


200 
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While the foregoing specifications teaches the prindples of the present invention, with 
examples provlclecl for the purpose of illustration, it will be understood that the 
practice of ttie InventicMi encompasses ail of the usual variations, adaptations and/or 
modifications envisioned by one of ordinary sMIi in the art 
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CLAIMS 

1. A compound represented by the general formula (I): 




and pharmaceuticany acceptable salts thereof, 
vvherein 

A is any amino add except a 0-amlno add; 

B is an amino add selected from Pro, Ala. Seir, 6ly, Hyp, acetldine-(2)-carbQ)jyllc 
add and pipecolic add, 

C is any amino add except Pro. Hyp, aoetidlneK2)-caibQ)yllc add, pipecolic add 
and except N-alkylated amino adds. e.g. N-methyl valine and saroosine. 
D is any amino add or missing, and 
E is arv amino add or missing; 



wtierein 

C is any amino add except Pro, Hyp, acetjdine-(2)-cafboxylic add, pipecolic add, 
except N-alkylated amino adds, ag. N-methyl valine and sarcosine and except a 
D-amlnoadd„ 

D is an amino add selected from Pro, Ala, Ser, Gly, Hyp, acetidine-(2)-carboxyllc 
add and pipecolic add, and 

E Is any amino add except Pro, Hyp, aoetidine-(2)-carbaxylic add. pipecolic add 
and except N-alkylated amino adds, e.g. N-methyl valine and saroosine. 
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2. The compound of daim 1 , wherein 

A is any amino add except a D-amino add; 

B is an amino acid selected from Pro, Ala, Ser, Gly, Hyp, acetidine-(2)-carboxyllc 
add and pipeooiio add, 

C is any amino add except Pro, Hyp, aoetidine-(2)-cart)0)^ic add, pipecolic add 
and except N-all<ylated amino adds, e.g. N-methyl valine and saroosine, 
D Is any amino add or missing, and 
E is any amino add or missing. 

3. The compound of dalm 1 , wherein 

A is any amino add except a D-amino add; 

B is an amino add selected from Pro, Ala, Ser, Gly, Hyp, acetidine-(2)-carba)^iic 
add and pipecolic add, 

C is any amino add except Pro, 1^, acetidine-(2)-cart}0}^iic add, pipecolic add, 
except N-ail^ated amirx) adds, e.g. N-methyi valine and sarcosine and except a 
[)-amirK) add, 

D is an amino add selected finom Pro, Ala, Ser, Gly, Hyp, acetidine-(2)-carbo}^ic 
add and pipecolic add, and 

E is any amino add esccept Pro. Hyp. aoatidine-C2>caitx)xyiic add, pipecolic add 
and eixcept N^l^ated amino adds, e.g. N-methyl valine and sarco^. 

4. The compound of any one of the preceding daims, wherein 

» 

AisaL-^minoadd. 

5. The oompouTKi of any one of the preceding daims, wherein 

C is a L-amino add. 
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6. The compound of any one of the preceding claims, wherein 

E is missing. 

7. The compound of any one of the preceding claims, vviierein 

D and E are missing. 

8. The compound of any one of the preceding claims, wherein 

A is t4)utyl-Gly, lie or Val. 

9. The compound of any one of the preceding claims, wherein 

B is Pro. 

10. The compound of any one of the precedkigcteiims. wherein 

C Is t-butyi-6ly, tie or Val. 

11. The confound of any one of the preceding daims, wherein 

D is Pro. Ala, Ser, Giy, Hyp, acetidind-(2)-Gart)oxyiic add or pipecoiic add. 

12. The compound of daim 1 , namely f-butyl-Gly-Pro-lle; f-butyi-Gly-Pro-Val; Val- 
Pro- f-butyl-Gly, lle-Pro-f-lDUtyi-Gly or f4)uty!-Gly-Prc>f-butyl-Gly and 
pharmaceuticaiy acceptable salts thereof. 

13. The compound of any one of the preceding daims, wherein the compound is the 
free add peptide fonn or the C-4enninai amide peptide forni. 
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14. The compound of claim 13, wherein the free add peptide fbrni or the C-tenninai 
amide peptide form is varied by side chain modifications selected from homoserine 
addition, pyrogiutamlc acid addition, dlsiilphide bond formation, deamidation of 
asparagine or giutamine residues, methylation, t-txjtyiation, t-butyioxycari3onylation. 
4-mettiyiben2ylation. thioanysiiation, thiocresylation, benzyioxymethylation. 4- 
nltrophenylation, benzyiaxycarbonylatlon, 2-nitrobenzoylation, 2-nitro8ulphenyiation, 
4-toluenesulphonyiation, pentafiuoroplienylation, diphenyimethylation, 2- 
chiorobenzylo)^carbonylation, 2,4,5-trichlorophenylation, 2HDromoben2yloxycarbonyl- 
ation, 94luorenylmethyloxycart)onyladon, triphenylmethylation, 2,2,5,7, Q,-peri^- 
methyldiroman-6-sulphonylation, hydroxylaUon, oxidation of methionine, fonnylation, 
acetylation, anisylation, benzylation, benzoyiation, trrfluoroacetyiation, carboxylation 
of aspartic add or glutamic add, ptiosphoryiation, sulphation, c^steinylation, 
glycoiysation with pentoses, deo)^hexoses, hexosamines, hexoses or N- 
ace^lhe^cosamines, famesylation, myristoiysatlon, biotinylation, palmitoylation, 
stearoylartion, geranylg^ranylation, glutathionylation, S'-adenosylation, ADP- 
rSxisyiation, modification with N-giyoolylneuraminic add, N-acetylneuraminic add, 
pyridoxal phosphate, lipolc add, 4'-pho^hopantetheine, and N4iydra)^sucdnimide. 

15. Prodrugs of a compound of any one of the preceding claims. 

16. A pharmaoeirticed composition compridng at (east one compound or prodrug of 
any one of claims 1 to 15 and a phannaceutically aooeptsd^le carri^- and/or diluent 

17. A process for making a pharmaceutical composition comprising mixing at least 
one compound or a prodmg of any one of daims 1 to 15 and a phamftaoeuticaiiy 
acceptable carrier and/or diluent 

18. Use of a compound, a prodrug or a composition according to any one of tiie 
preceding daims 1 to 15 for the preparation of a medicament for the prophylaxis or 
treatment of a conditbn mediated by modulation of the dipeptidyl peptidase IV 
activity. 
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19. Use of dedm 17, wherein the condition is selected from impaired glucose 
tolerance, diabetes mellitus, glucosuria and metabolic acidosis. 
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